ABSTRACT
INTRODUCTION
The early brain vesicles in the human embryo are supplied by paired primitive internal carotid arteries (ICAs). At about 4-mm stage, ICAs divide into cranial and caudal branches at the level of optic vesicles. The cranial branch will provide the anterior choroidal, middle cerebral and primitive olfactory arteries, as well as the anterior cerebral artery at its terminal end. The caudal branches give off the diencephalic, mesencephalic and posterior choroidal branches; they will later (5-to 6-mm stage) join with paired longitudinal neural plexus, which independently developed on the ventral side of the hindbrain.
Each of longitudinal neural plexus at this stage is supplied by some transitory vascular channels, i.e. cranially by the primitive trigeminal, caudally by the primitive proatlantal intersegmental, and laterally by the primitive otic and primitive hypoglossal arteries. Usually, paired longitudinal neural arterial plexus unite and form the basilar artery (BA) in 7 -12 mm crown-rump length embryo. The caudal branch becomes the posterior cerebral artery (PCA), its proximal segment becoming later the posterior communicating artery (PCoA) [1] .
It is fact that an intracerebral course and the areas supplied by PCoA branches are already well known [2] , as well as its caliber and relationship with PCA [3] [4] [5] [6] .
The aim of this report was to show unusual origin and termination of the PCoA associated with other vascular variants.
CASE REPORT
An autopsy was performed in a 35-year-old man subsequent to his death in the Clinical centre of Niš because of the myocardial infarction. There was complete autopsy finding in the report of colleague at the Institute of Forensic Medicine in Niš (S-502/10); our examination was focused on the brain base arteries. External morphology (calibre, possible abnormalities) of these arteries was inspected with a magnifying glass and recorded on a film.
There was an angioarchitecture on the brain base without variations on the first look (Figure 1) . However, we examined its right and left halves of the cerebral arterial circle (CAC) and neighbouring arteries on the brain base.
Right half (Figure 2(a) ): The cerebral part (C4) of ICA was visible; its outer diameter was 3.59 mm. Its side branches were uncal (UA), anterior choroidal (AChA) and superior hypophyseal (SHA) arteries. The terminal ICA branches were anterior cerebral (ACA) and middle cerebral (MCA) arteries. The ACA was of normal caliber and course. The MCA trunk courved laterocaudally and about 12 mm after ICA bifurcation we had an impression that the PCoA was in continuation of the MCA. At the level of a "beginning" of the PCoA, the MCA trunk was ascend to the insula. An artery began ascending to the frontal lobe at the level of PCoA proximal third. It passed between the UA and AChA and in front of the proximal part of the AChA was divided into medial and lateral branches. The medial branch ascended in front of the C4 and pre-communicating part (A1) of the ACA to the olfactory tract; the lateral branch ascended to the olfactory tract passed in front of the UA and beginning part of the MCA. We marked this artery as a persistent primitive olfactory artery (POlA).
Vascular components of CAC left half were of normal calibers. In addition, there were three medial striate arteries or Heubner's arteries originated from ACoA, lateral side of the A2 and sphenoid part (M1) of the MCA (Figure 2(b) ).
The beginning of the PCoA could be presented using two annotations:
The first version. The PCoA had a common trunk with POlA and after its origin the PCoA continues as the single vessel (see Figure 2 (a)). The second version. The part of the MCA between its bend and lower margin of the POlA orificium could be persistent cranial end of the primitive ICA (MCA-PCoA anastomosis); the PCoA could be distally part of the vessel to the BA (Figures 3(a), (b) ).
It is obvious that the "trunk" of the right PCoA in both images courved at the level of optic tract, cerebral crus and posterior perforated substance terminating at BA tip. The caliber of the right PCoA (1.55 mm) was twice larger than the left one (0.70 mm), but lower than caliber of the right PCA. There were side branches of the PCoA (posteromedial central, thalamotuberal and many hypothalamic branches, as well a branch to oculomotor nerve). The calibers of the C4, M1, A1 and P1 on both sides were Copyright © 2012 SciRes.
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approximately same values, respectively; BA caliber dominated in relation to the left or right C4 (Table 1) . Summarizing, the CAC in this case has ten vascular components (C4, A1, and PCoA on both sides, and unpaired ACoA, left P1, right M1 and right MCA-PCoA anastomosis or common right PCoA-POlA trunk).
Right 
DISCUSSION
We described associated vascular variations on the brain base in a 35-year old male cadaver. We found no case of the PCoA origin from the MCA in the literature, except the reports about different MCA duplication forms and/ or early bifurcations [8] [9] [10] . An origin of the right PCoA either in a continuation of ipsilateral MCA or in continuation of the persistent cranial end of ICA (MCAPCoA anastomosis) could be explained by some embryological facts quoted in Arey's book [11] . According to him, anomalous blood vessels may persist due to: 1) the choice of unusual paths in the primitive arterial plexuses, 2) the persistence of vessels normally obliterated or 3) incomplete development. Hypothetically, there were no cranial and caudal divisions of the primitive ICA, yet the caudal end was a continuation of the ICA cranial end, after origin of the POlA.
Carotid-vertebrobasilar anastomoses (primitive trigeminal, otic, hypoglossal and proatlantal intersegmental arteries) are embryonic presegmental arteries supplying the primitive vertebrobasilar system from the primitive ICA [12] [13] [14] [15] . The origin and termination of the right PCoA indicates the most cranial of the embryonic vessels connecting the anterior and posterior cerebral circulations.
In the human fetus or adult, the PCoA arises either from the posterior, posterolateral or anterior aspect of the C4 part and reaching the interpeduncular cistern unites with the PCA, marking the beginning of its post-communicating part (P2) [3, 5] . Normally, the PCoA distributes posteromedial central, thalamotuberal and mammillary arteries, chiasmatic and hypothalamic branches, artery of tuber cinereum and branch to oculomotor nerve [16] , as in presented case. Here the right PCoA terminated at BA tip, as in a case of a 60-year-old man described by Varghese [17] . However, Varghese [17] also noted associated multiple vascular variations (presence of the left persistent trigeminal artery, absent ipsilateral PCoA, duplicated ipsilateral superior cerebellar artery, hypoplastic A1 part of contralateral ACA, azygous ACA and hypoplastic ipsilateral vertebral artery). Very interesting is a coincidence that in both cases the right PCoA was involved, as well as the persistent embryonic artery.
The question is why the right PCoA terminates at BA tip, while the left one divides ipsilateral PCA into P1 and P2 parts. Basilar apex perforating branches were observed only in 7.3% of fetal cases [18] . In this adult case two large thalamoperforators also originated from BA tip. Knowledge of the microvascular features of the thalamoperforating arteries is of an importance for neurosurgeons approaching vascular lesions of this area and also for neurologists and neurointerventionists for ischemic lesion involving BA and/or P1 parts [19] . In presented case, their finding was coincidental.
According to Padget [20] , as quoted Komiyama [21] , the cranial division of primitive ICA supplies the prosencephalon and constitutes the olfactory artery (POlA). This artery terminates in the nasal fossa, while the secondary artery constitutes the medial olfactory artery, which supplies the olfactory bulb. The medial olfactory artery becomes the ACA, while the terminal portion of the POlA usually regresses. Lateral olfactory branches of the POlA include the Heubner's artery, AChA, lateral striate artery, and later MCA. When the terminal portion of the POlA does not regress, it is called the persistent POlA. Nozaki [22] described two POlA variants. The POlA arising from ICA ran along the olfactory tract and made a hairpin bend to supply the distal ACA territory (variant 1). Kim and Lee [23] described also a case of the first variant. The POlA that rose from the ACA passing through the cribriform plate to supply the nasal cavity as the ethmoidal artery is the second variant. Here the right POlA remnant could be a new variant because of few reasons: 1) it begins from the persistent cranial end of primitive ICA or as a common trunk with PCoA; 2) its rostral part terminates around the olfactory trigone and tract, and 3) two right Heubner's arteries were formed originating from the post-communicating part (A2) of the ACA and from lateral branch of the POlA.
Development of the brain arteries from the cranial and caudal ends of the primitive ICA was of normal course on the left side.
CONCLUSION
In the event of PCoA beginning from the MCA originnated from the cranial end of primitive ICA, as well as the PCoA junction with basilar tip, presented right PCoA could be the most cranial carotid-basilar anastomosis. Simultaneously, here presented the right olfactory artery remnant could be the third variant of this persistent embryonic artery. 
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